Ultrastructure, Thylakoid Membrane, Ageing, Storage Conditions, Spinach Ultrastructural changes in in vitro ageing spinach chloroplasts have been studied in detail. Prolonged storage caused swelling of the chloroplasts due to the increase in the thickness and spacing of the thylakoid membranes. The increase in the thickness of the membrane is partly ac companied by the release of lipids. Addition of crystalline bovine serum albumin was found to stabilize the membrane structures. Storage of the chloroplasts at 77 °K even though it resulted in complete breakage of the whole chloroplasts, maintained the thylakoid structures in a highly intact form.
Introduction
Inactivation of the photosynthetic capacity in chloroplasts stored u n d er various in v itro conditions has been reported by som e of the ea rlier w orkers 1-3. C hloroplasts stored at room tem p eratu re w ere show n to loose th eir H ill reaction activity in 6 -8 hours.
T his loss of photosynthetic capacity was found to be in parallel w ith an increase in the level of the free fatty acids and sw elling of the chloroplasts. A dd itio n of cry stallin e BSA w as show n to reduce the level of the fatty acids release from th e thylakoid m em b ranes.
In a previous p a p e r 4 we have show n th at in tact chloroplasts w hen stored at -5 °C in isotonic solu tion containing BSA w ere able to m ain tain a high level of H ill reaction activity fo r a m axim um perio d of 10 days. C hloroplasts stored in the absence of BSA show ed com paratively a ra p id loss of ph o to synthetic reactions an d a high level of uncoupled electron tran sp o rt. A ttem pts w ere also m ade to prevent the sw elling of the chloroplasts by sto rin g them in high osm otic concentration solutions (0.66 and 1 .2 m so rb ito l). Irrespective o f the storage m edium ageing caused a high increase in the chloro plast volum e and resulted in b reak ag e of all the chloroplasts w ithin 5 days. S to rag e o f the chloro plasts at 77 °K even th o u g h it caused breakage, d id m ain tain all the photochem ical activities fo r a perio d of 15 days. T his p aper deals w ith the u ltra stru ctu ral changes in th e thylakoid m em branes in ageing chloroplasts stored under different conditions. 
Methods

Results
T ypical electronm icrographs of fresh and 10 dayold spinach chloroplasts suspended in isotonic (0 .3 3 M sorbitol) and slightly h y pertonic (0 .6 6 m ) solutions are shown in Fig. 1 *. F resh p rep a ra tio n s in 0.3 3 M oontained mostly norm al-sized (T ype A) w ith a small percentage of broken and shrunken chloroplasts. H igh osmotic solutions resu lted in com plete shrinkage of all the chloroplasts. Irresp e c tive of the sorbitol concentration in th e storage m edium , ageing caused complete break ag e of all the chloroplasts. T he extent of swelling was fo u n d to be com paratively low er at higher osm otic solutions.
F u rth e r attention was focussed on th e n atu re of the gran al thylakoid m em branes, since sw elling of th e chloroplasts could be caused eith er by an * Figs 1 and 2 see Plate on page 82 a and b. A larg e increase in the thickness and the spacing w as g enerally observed in all the aged sam ples. C hloroplasts stored at -5 °C in the absence of BSA show ed a much diffused thylakoid stru ctu re an d th e interthylakoid spaces were also found to be well co n tra ste d ; this could possibly be due to the h ig h level of lipids released from the m em branes (Fig. 2 B, F ) . In contrast to this, storage of chloro plasts at 77 °K resulted in a great increase in the spacing, b u t the thickness of the m em branes was fo u n d to be com paratively less. A ttem pts were also m ade to m easure precisely the extent of sw elling of the thylakoid m em branes by scan n in g the electron m icrographs in a m icrodensito m eter. T able I shows the average values of the center-to-center spacing and the thickness of the m em b ranes at half-m axim um m easured from the d ensitom eter traces as described in Fig. 3 . T he values o b tain ed w ith fresh chloroplasts suspended in 0.33 M so rb ito l are in agreem ent of those reported by M il ler and N obel 5.
T h e thickness of the m em branes in the fresh chloroplasts suspended in different osm otic solutions d id n ot show much variatio n , w hereas the sp a cin g betw een the m em branes was found to be increased at low er sorbitol concentrations. A bout a 2-fold in crease in the spacing of the m em branes was ob served in all the aged chloroplasts. T he thickness of the m em branes also show ed a larg e increase, b u t was com paratively less in chloroplasts stored at 77 °K . 
D iscussion
The fact th a t th e p hotosynthetic capacity o f the isolated chloroplasts decreases w ith an increase in th e in v itro sto rag e tim e has been know n fo r m any years. T he decrease in th e photosynthetic activities was rep o rted to accom pany an increase in th e chloro plast volum e and the level of th e free fatty acids 1> 2. Com plete loss of the H ill reactio n activity w as shown w hen m axim um chloroplast sw elling h ad occurred 2. H ow ever, recently we have observed th at intact chloroplasts w hen sto red u n d er different conditions w ere able to re ta in a h ig h percentage of th e ir elec tro n tra n sp o rtin g cap acity over a longer p e r io d 4. To avoid b reak ag e due to sw elling, chloroplasts were Table I . Effect of ageing and the conditions of storage on the thickness and spacing of the thylakoid membranes in spinach chloroplasts. Thickness and spacing of the membranes were calculated from the microdensitometer tracings as described in A m ore detailed analysis of the u ltra stru ctu ral changes on the gran al thylakoid m em branes provided fu rth e r sup p o rt fo r the protective effect of BSA and the nature of the chloroplast sw elling. A large in crease in the thickness and spacing of the m em branes was generally observed in all the aged chloro plasts. Changes in the osm olarity of the resuspending m edium did not result in much v aria tio n of the thickness of the m em branes in the aged chloroplasts. H igher osm otic solutions only caused a decrease in the spacing of the m em branes. Much diffused and disintegrated thylakoid stru ctu res which w ere o b served in chloroplasts stored in the absence of BSA provided again additional su p p o rt to those ea rlier reports 1' 3. In co n trast to all these observations, chloroplasts stored at 77 °K showed a w'ell preserved thylakoid o rgan izatio n even when they w ere broken. T he thickness of the m em branes was found to be com p aratively low. The results presented here dem on strate th a t in v itro ageing of the chloroplasts causes an increase in the spacing and the thickness of the m em branes. Increase in thickness of the m em branes p ro b ab ly is accom panied by the release of fatty acids from the m em branes which finally result in the com plete loss of the photosynthetic capacity. T he sw elling of the chloroplasts due to the increase in terth y lak o id spacing showed little effect on the photosynthetic capacity.
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